The nonleptonic weak decay of Λ + c →K 0 ηp is analyzed from the viewpoint of probing the N * (1535) resonance, which has a big decay branching ratio to ηN . Up to an arbitrary normalization, the invariant mass distribution of ηp is calculated with both the chiral unitary approach and an effective Lagrangian model. Within the chiral unitary approach, the N * (1535) resonance is dynamically generated from the final state interaction of mesons and baryons in the strangeness zero sector. For the effective Lagrangian model, we take a Breit-Wigner formula to describe the distribution of the N * (1535) resonance. It is found that the behavior of the N * (1535) resonance in the Λ decay mechanism can provide valuable information on the properties of the N * (1535) and can in principle be tested by facilities such as BEPC II and SuperKEKB.
pling of the N * (1535) to KΛ is deduced in Refs. [14] [15] [16] by a simultaneous fit to the BES data on J/ψ → ppη, pK −Λ +pK + Λ, the COSY data on pp → pK + Λ, and the CLAS data on γp → K + Λ reaction. There is also evidence for a large coupling of the N * (1535) to η ′ N from the analysis of the γp → pη ′ reaction [17] and pp → ppη ′ reaction [18] , and a large coupling of the N * (1535) to φN from the π − p → nφ, pp → ppφ and pn → dφ reactions [19] [20] [21] .
The above-mentioned strange decay properties of the N * (1535) resonance can be easily understood if it contains large five-quark components [14, 22, 23] . Within the pentaquark picture, the N * (1535) resonance could be the lowest L = 1 orbital excited uud state with a large admixture of [ud] [us]s pentaquark component having [ud] , [us] , ands in the ground state. This makes the N * (1535) heavier than the N * (1440) and also gives a natural explanation of its larger couplings to the channels with strangeness [24] .
Recently, it has been shown that the nonleptonic weak decays of charmed hadrons provide a useful platform to study hadronic resonances, some of which are subjects of intense debate about their nature [25, 26] . For instance, the Λ + c → π + M B weak decays are studied in Ref. [27] from the viewpoint of probing the Λ(1405) and Λ(1670) resonances, where M and B stand for mesons and baryons. In Ref. [28] , the πΣ mass distribution was studied in the Λ + c → π + πΣ decays with the aim of extracting the πΣ scattering lengths. In Ref. [29] , the a 0 (980) and Λ(1670) states are investigated in the Λ + c → π + ηΛ decay taking into account the π + η and ηΛ final state interactions. The pure I = 1 nature of the π + η channel is particularly beneficial to the study of the a 0 (980) state. The role of the Σ * (1380) state with J P = 1/2 − in the Λ + c → ηπ + Λ decay is also studied in Ref. [30] where the color-suppressed W -exchange diagram is considered for the production of the Σ * (1385) with J P = 3/2 + . In Ref. [31] the role of the exclusive Λ + c decays into a neutron in testing the flavor symmetry and final state interaction was investigated. It was shown that the three body nonleptonic decays are of great interest to explore the final state interactions in Λ + c decays. Along this line, in the present work, we study the role of the N * (1535) resonance in the Λ + c →K 0 ηp decay by taking the advantage of the strong coupling of the N * (1535) to the ηN channel and its large uudss component. We calculate the invariant ηp mass distribution within the chiral unitary approach and an effective Lagrangian model. First, we follow the same approach used in Ref. [27] to study the Λ + c → π + M B decays, but with the hadronization of the uud rather than the sud cluster to get the final ηp and from the sd pair to get theK 0 . In this respect, the N * (1535) resonance is dynamically generated from the final state interaction of mesons and baryons in the I = 1/2 sector where we have assumed that the ud di-quark with I = 0 in the Λ + c is a spectator. Second, we study the Λ + c →K 0 N * (1535) →K 0 ηp decay at the hadron level by taking a Breit-Wigner formula to describe the distribution of the N * (1535) resonance within the effective Lagrangian model. The contributions from other low-lying N * and Σ * resonances are discussed. Fortunately, it is found that these contributions may not affect much the results obtained here.
This article is organized as follows. In Sec. II, we present the theoretical formalism of the decay of Λ + c → K 0 ηp, explaining in detail the hadronization and final state interactions of the ηp pair. Numerical results and discussions are presented in Sec. III, followed by a short summary in the last section.
II. FORMALISM
As shown in Refs. [27, 29, 32] , a Cabibbo allowed mechanism for the Λ + c decay is that the charmed quark in Λ + c turns into a strange quark with a ud pair by the weak interaction as shown in Fig. 1 .
In addition to the c quark decay process described above, in principle one can also have contributions from internal W -exchange (c + d → s + u) diagrams. As dis- cussed in Refs. [27, 29, 32, 33] , these contributions are smaller than the c decay process. Furthermore, including such contributions, the decay amplitudes would become more complex due to additional parameters from the weak interaction, and we can not determine or constrain these parameters at present. Hence, we will leave these contributions to future studies when more experimental data become available.
A. The N * (1535) as a dynamically generated state from meson-baryon scattering
We first discuss the decay of Λ 
Following the procedure of Refs. [27, 29, 32, 34, 35] , one can straightforwardly obtain the meson-baryon states after theqq pair production as
where we have omitted the η ′ p term because of its large mass threshold compared to other channels that we considered.
After the production of a meson-baryon pair, the finalstate interaction between them takes place, which can be parameterized by the re-scattering shown in 
where V P expresses the weak and hadronization strength, which is assumed to be a constant and independent of the final state interaction. In the above equation, G MB denotes the one-meson-one-baryon loop function, which depends on the invariant mass of the final ηp system, M ηp . The meson-baryon scattering amplitudes t MB→ηp are those obtained in the chiral unitary approach, which depend also on M ηp . Details can be found in Refs. [8, 36] .
B. Effective Lagrangian approach and the N * (1535) resonance as a Breit-Wigner resonance
On the other hand, because the N * (1535) has a large uudss component, it can also be produced via the process shown in Fig. 4 [38] . After the N * (1535) is formed with uudss, it decays into ηp, which is the dominant decay channel of the N * (1535) resonance. We show the hadron level diagram for the decay of Λ Fig. 4 (b) . Before going further, we emphasize that the strangeness component of N * (1535) can not be guaranteed from the decay process shown in Fig. 4 . Indeed, the N * (1535) can also be produced from the process shown in Fig. 2 , where the sd forms theK 0 , while the N * (1535) is constructed from the uud cluster and then it decays into ηp because of its large coupling to this channel.
The general decay amplitudes for Λ corresponding coefficients A and B,
where q and p are the momentum of the N * (1535) and Λ + c , respectively. The coefficients A and B for charmed baryons decaying into ground meson and baryon states, in general, can be calculated in the framework of the pole model [39] or within the perturbative QCD approach [40] . In the present case, because the N * (1535) resonance is not well understood in the classical quark model, the values of A and B in Eq. (4) are very difficult to be pined down, and we have to determine them with future experimental data. In this work, we take A = B and we come back to this issue later.
To get the whole decay amplitude of Λ Fig. 4 (b) , we use the effective Lagrangian density of Refs. [14, 19, 41] for the N * (1535)N η vertex,
where N , η, and N * represent the fields of the proton, the η meson, and the N * (1535) resonance, respectively.
The invariant decay amplitude of the Λ
), (6) where p 3 is the momentum of the final proton. The s p and s Λ + c are the spin polarization variables for the proton and Λ + c baryon, respectively. The G N * (q) is the propagator of the N * (1535), which is given by a Breit-Wigner (BW) form as,
where M N * and Γ N * (q 2 ) are the mass and total decay width of the N * (1535), respectively. We take M N * = 1535 MeV as in the PDG [4] . For Γ N * (q 2 ), since the dominant decay channels for the N * (1535) resonance are πN and ηN [4] , we take the following form as used in Refs. [42, 43] 
with
Here
where λ is the Källen function with λ(x, y, z) = (x − y − z) 2 −4yz. In the present work, we take g In the effective Lagrangian approach, the sum over polarizations and the Dirac spinors can be easily done thanks to
Finally, we obtain
and 
where T is the total decay amplitude. The pK0 and p * η are the three-momenta of the outgoingK 0 meson in the Λ + c rest frame and the outgoing η meson in the center of mass frame of the final ηp system, respectively. They are given by
The range of M ηp is
III. NUMERICAL RESULTS AND DISCUSSION
In this section, we first show the numerical results for the dΓ/dM ηp with three models: Model I takes T = T MB ; Model II takes T = T N * and Γ N * is energy dependent as in Eq. (8); Model III takes T = T N * and Γ N * = 150 MeV as a constant. Next, we will discuss the impact of the contributions from other N * and Σ * states.
A. Invariant ηp mass distributions For Model I, a peak around 1524 MeV corresponding to the N * (1535) resonance can be clearly seen as in Refs. [8, 36] . The peaks of Model II and III move to 1532 and 1553 MeV, respectively. The peak position of Model II is very close to the central value, 1535 MeV, estimated in the PDG [4] for the N * (1535). The peak position of Model I is also close to the value 1535 MeV, but with a narrow width. For Model III where a constant decay width of the N * (1535) is used, the peak position moves 20 MeV away from the Breit-Wigner mass 1535 MeV. Besides, the resonant shapes of Model II and III are broader than the result of Model I.
Because the mass of the N * (1535) is close to the ηN threshold and has a large coupling to this channel, the approximation of a BW form with a constant width is not very realistic [14] . We should take the coupled channel BW formula as in Eq. (8), which will reduce the BW mass of the N * (1535) [14] . From the results of Model I and II shown in Fig. 5 , we see that these two different descriptions of the N * (1535) resonance give different invariant ηp mass distributions. The findings here are similar to that obtained in Refs. [15, 20] . For the N * (1535), the amplitude square obtained with the chiral unitary approach does not behave like an usual BW resonance, even at the peak position (see Fig.  1 of Ref. [15] ). It is expected that future experimental measurements may test our model predictions and clarify this issue.
One might be tempted to think that the discrepancy between Model I and II (or III) is due to the inclusion of the p-wave contribution for Model II and III shown in Eq. (4) with the B term. We have explored such a possibility from the comparison of the contributions of the A and B terms. For doing this, we first rewrite dΓ/dM ηp for Model II and III as,
Then we define the ratio R as
In the last step, we have taken A = B.
In Fig. 6 we show the numerical results for R as a function of M ηp . We see clearly that R is less than 2.8 percent for the whole possible M ηp in the Λ + c →K 0 ηp decay. This means that the contribution of the p-wave B term is rather small in comparison with the contribution from the s-wave A term and can be neglected safely. This study provides further support for the factorization scheme of the hard process (the weak decay and hadronization) for Model I where only the s-wave contribution is considered between any two particles of the finalK 0 ηp. Such a factorization scheme seems to work fairly well in the present case.
It should be noted that the B term is very small compared with the A term, which is tied to the fact that we take A = B. A model independent calculation of the values of A and B is most welcome and will ultimately test our model calculations. It is interesting to note that both N * (1535) and N * (1650) are dynamically generated from the analysis of the s-wave πN scattering [7, 9] . We list the results obtained in Refs. [7, 9, 10, 12, 13] for N * (1535) and N * (1650) in Table II , where we show also the BW mass and width, branching ratios to πN and ηN of N * (1535) and N * (1650) that are estimated by PDG [4] for comparison. We see that the N * (1650) and the N * (1535) are much separated in mass [7, 9] . Therefore, the contribution from N * (1650) will not overlap too much with that from N * (1535). Furthermore, the branching ratio of N * (1650) to ηN is very small compared with the one to πN . We thus conclude that the contribution from N * (1650) to the invariant ηp mass distribution is small or at least it will not change too much the numerical results shown in Fig. 5 [45] . b This value is quoted in PDG [4] , but it is originally taken from Ref. [46] which is derived from a multichannel partial wave analysis of pion and photo-induced reactions off protons. On the other hand, from the coupled-channel analysis of η meson production including all recent photo-production data on the proton, the value of 1 ± 2% is obtained in Ref. [47] and of 1.4% in Ref. [48] .
Fortunately, the Σ * (1660) In summary, the contributions from other N * and Σ * resonances should be small compared with the contribution from the N * (1535), and we expect that their contributions will not change much the model predictions presented in the present work. On the other hand, if future experimental measurements provide enough data to disentangle the contributions from these resonances, one can also study them. It should be kept in mind that our study made some assumptions and hence it can be improved once more data become available.
IV. CONCLUSIONS
In the present work we have studied the invariant ηp mass distribution in the Λ + c →K 0 ηp decay to better understand the N * (1535) resonance. First, we employed the molecular picture where the N * (1535) is dynamically generated from the meson-baryon interaction. In such a scenario, the weak interaction part is dominated by the c quark decay process: c(ud) → (s + u +d)(ud), while the hadronization part takes place by the uud cluster picking up apair from the vacuum and hadronizes into a meson-baryon pair, while the sd pair from the weak decay turns into aK 0 . The following final state interactions of the meson-baryon pairs are described in the chiral unitary model that dynamically generates the N * (1535) resonance in the I = 1/2 sector. Second, we studied the Λ + c →K 0 N * (1535) →K 0 ηp decay with a Breit-Wigner formula to describe the distribution of the N * (1535) in the effective Lagrangian model. The above two descriptions for the N * (1535) resonance give different invariant ηp mass distributions. Furthermore, we showed in a qualitative way that the contributions from other N * and Σ * resonance are relatively small and will not affect much the results obtained in the present study.
On the experimental side, the decay mode Λ + c → K 0 ηp has been observed [4, 49] and the branching ratio Br(Λ + c →K 0 ηp) is determined to be (1.6 ± 0.4)%, which is one of the dominant decay modes of the Λ + c state. For the decay of Λ + c →K 0 ηp, the final ηp is in pure isospin I = 1/2. Hence, this decay can be an ideal process to study the N * (1535) resonance, which has a large branching ratio to ηN and decays into ηN in s-wave. Future experimental measurements of the invariant ηp mass distribution studied in the present work will be very helpful to test our model calculations and constrain the properties of the N * (1535) resonance. For example, a corresponding experimental measurement could in principle be done at BESIII [50] and Belle.
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